518                           ON THE THEORY  OF  SURFACE  FORCES.                           [186
Lot us integrate (1) from a place in the vapour round which the density has the uniform value pl to a place in the liquid where the uniform density
is p«.    Thus
r(2) //,,-,
(9)
by (3). The external pressure is uniform throughout, and may be denoted by •or'; and by (6),
^'=pi-Kp^ = p,-Kp./ ...................... (10)
At places where p is varying, that is in the transitional layer, •CT, as given by (6), does not represent the external pressure; but we will still regard it as denned analytically by (6). Thus
.                  ,   ietv,       ,       ni,
dp=      - j -dp + <LK (p, - ft) ....... (11)
J(DPdP               \r-rj         \
By comparison of (9) and (11),
-dp = 0- .............................. (12)
'
or on integration by parts,
09
The values of ra at the limits are the same, and have been denoted by •or'. Hence
f 2^~^ dp = 0............................(13)
J (i)     P"
Since dp/p"<x. dv, this equation, obtained by purely hydrostatical methods applied to the liquid and vapour and the layer of transition between them, has precisely the same significance as Maxwell's theorem upon the position of the line CG in J. Thomson's diagram. In that theorem trr represents the external pressure that would be exerted by the fluid in various states of uniform density, some of which are not realizable. In the subject of the present investigation all the densities intermediate between those of the vapour and liquid actually occur; but, except at the extremities, •or no longer represents external pressure.
The explanation of the stable existence in the transitional layer of certain densities, which would be unstable in mass, depends of course upon the fact that in the transitional layer the complete self-attraction due to the density is not developed in consequence of the rapid variation of density in the neighbourhood.
The distribution of density in the transitional layer, and the tension of the surface, can only be calculated upon the basis of a knowledge of the physical constitution of the fluid as expressed by the relation between p andot varying. The final result, which appears to be arrived at without any assumption as to the physical connexion between p and p, is thus devoid of significance.
